19950605  047 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704  OJ 88 


Public  ,00^ 

9*'h*;’n?  .*^7'*'"'*'.:'."’',?^  <h„  burc-o  ?o  w«h.pmon  *rv«„.  D.f*ctOf*W  'orjnlormp.^r -  Ooj-.wm  pod  MpejjV  I  »-« 


n^H^hww'Cnioi" tlti^te^vTHwjo^wjw »"»  Q»'<«  *  .rd  Hudqft.  Uptrwoo  Itedumon  *oi*t  (OHKO'W.  WPif^ton.  PC  .080> _ 

i.  aSSCY  USC  ONIY  BS3  |l  «I«>»I  OAli  [« 


4  DEVELOPMENT  OF  THIN  FILM  DIAMOND  BASED 
INTEGRATED  CIRCUIT  TECHNOLOGY 


mm 


S.  FUNDING  NUMBERS 

N000014-92-J-1421 


6  and®  BADZIAN  and  GENNADY  GILDENBLAT 


1.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESSES) 

THE  PENNSYLVANIA  STATE  UNIVERSITY 
UNIVERSITY  PARK,  PA  16802 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  ANO  ADDRESSES) 

OFFICE  OF  NAVAL  RESEARCH 
MAX  N.  YODER  CODE  312 
ROOM  #607,  800  N.  QUINCY  STREET 
ARLINGTON,  VA  22217-5660 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

80.1 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


11.  SUPPLEMENTARY  NOTES 


12a.  DISTRIBUTION/ AVAILABILITY  STATEMENT 

APPROVED  FOR  PUBLIC  RELEASE 
DISTRIBUTION  UNLIMITED 


12b.  DISTRIBUTIOJ  CODE 


13.  ABSTRACT  (Maximum  200  words) 

tw  tup  POPTTON  OF  THIS  PROJECT  FUNDED  BY  BMDO/IST,  WE  HAVE  BEEN  DEVELOPD^GTHE 

Wmmms&wms 

■HHHH 

OPERATIONAL  AT  400-500‘C.  DUO  QuQ.z.^:  l  3  _ 


14.  SUBJECT  TERMS 

DIAMOND  ELECTRONICS 

MICROWAVE  PLASMA  CHEMICAL  VAPOR  DEPOSITION 

HIGH  TEMPERATURE  SCHOTTKY  DIODE,  FIELD-EFFECT^ TRANSISTOR  _ 

,7‘  OFCREToYRTaASi,FICAT'ON  I’8’  OF"TH!rPAGESMM'-A,'lJ"  '  OF  ABSTRACT 


15.  NUMBER  OF  PAGES 

16.  PRICE  COOE 

20.  LIMITATION  OF  ABSTRACT 


NSN  7540*01*280-5500 


Standard  Form  298  (Sev  2 -89) 

Pf»WfiWd  by  Sid  I.W*  ® 

MS*i07 


PUBLICATIONS 
Grant  #N0000 1 4-92- J- 1 42 1 


A.  Badzian  and  T.  Badzian,  "Routes  to  Diamond  Homoepitaxy"  Mat.  Res.  Soc.  Svmp.  Proc. 
Chemical  Vapor  Deposition  of  Of  Refractory  Metals  and  Ceramics  H  er.  T.M.  Besmann,  B.M. 
gallois,  J.W.  Waren,  Mat.  Res.  Soc.  Pittsburgh,  PA,  Vol.250,  339-349,  1992 


S.A.  Grot,  R.A.  Ditizio.G.Sh.  Gildenblat,  A.R.  Badzian  ,  and  S.J.  Fonash  Electronic  Device 
Fabrication  Using  Electron  Cyclotron  Resonance  Etching  of  Boron  Doped  Homoepitaxial 
Diamond  Films".  Mat.  Res.  Svmp.  Proc.  Vol.  242.  pp.145-150, 1992 

S.A.  Grot,  G.Sh.  Gildenblat,  and  A.R.  Badzian  "Diamond  Thin-Film  Recessed  Gate  Field- 
Effect  Transistors  Fabricated  by  Electron  Cyclotron  Resonance  Plasma  Etching"  IEEE  Electron 
Device  Letters.  Vol.  13,  No.  9,  462-464,  1992 

G.P.  Lamaze,  R.G.  Downing,  L.  Pilione,  A.Badzian,  and  T.  Badzian  "Analysis  of  Boron  in 
CVD  Diamond  Surfaces  Using  Neutron  Depth  Profiling"  6-th  International  Conference  on  Solid 
Films  and  Surfaces,  Paris,  France,  June  29-July  3,  1992,  Applied  Surface  Science,  65/66,  587- 
592, 1993 

S.  A.  Grot,  R.A.  Ditizio,  G.Sh.  Gildenblat,  A.R.  Badzian,  and  S.J.  Fonash  "Oxygen  Based 
Electron  Cyclotron  Resonance  Etching  of  Semiconducting  Homoepitaxial  Diamond  Films" 
Applied  Physics  Letters  61.  2326-2328,  1992 

A.  Badzian  and  T.  Badzian  "Diamond  Homoepitaxy  by  Chemical  Vapor  Depositions" ,  Diamond 
and  Related  Materials.  2.  pp.147-157,  1993 

B.  Yacobi,  J.  Lebens  and  K.J.  Vahala,  A.  Badzian,  and  T.  Badzian  "  Preferential  Incorporation 
of  Defects  in  Monocrystalline  Diamond  Films",  Diamond  and  Related  Materials  ,  2, 92-99, 1993 


Y.-J.  Baik,  K.Y.  Eun,  and  A.  Badzian  "Effect  of  Growth  Plane  Index  of  Polyciystalline  Diamond 
Film  on  Raman  Spectrum  "  ADC  '93  2nd  International  Conference  on  the  Applications  of 
Diamond  Films  and  Related  Materials.  Omiva,  Saitama,  Japan,  August  25-27,  1993,  MYU, 
Tokyo,Japan  ,  709-714,  1993 

A.  Badzian,  T.Badzian  and  S.-Tong  Lee  "Synthesis  of  Diamond  from  Methane  and  Nitrogen 
Mixture",  ed.  J.P.  Dismukes  and  K.V.  Ravi,  Diamond  Materials.  The  Electrochemical  Society. 
Inc.,  Pennington,  NJ,  378-384 , 1993 

A.  Badzian  and  T.Badzian  "High  Temperature  Epitaxy  of  Diamond",  ed.  J.P.  Dismukes  and 
K.V.  Ravi,  Diamond  Materials.  The  Electrochemical  Society.  Inc.,  Pennington,  NJ,  1060-1066, 
1993 

A.  Badzian  and  T.  Badzian  "Nickel  Hydride  Assistance  in  CVD  Diamond  Growth",  ed.  J.P. 
Dismukes  and  K.V.  Ravi ,  Diamond  Materials.  The  Electrochemical  Society,  Inc.,  Pennington 
NJ,  441,  1993 


A.  Badzian,  T.  Badzian  and  S.  Tong  Lee  "Synthesis  of  Diamond  from  Methane  and  Nitrogen 
Mixture",  Appl.  Phvs.  Lett..  62,  3432-3434  (1993) 


A.  Badzian  and  T.  Badzian  "Crystal  Growth  of  Diamond  and  Nickel  Carbide  in  the  Ni-C-H 
System",  ed.  M.  Kamo,  H.  Kanda,  Y.  Matsui  and  T.  Sekine,  Advanced  Materials.  International 
Comunications  Specialists.  Inc.  140-145,  1994 

A.  Badzian  and  T.  Badzian  "  Defects  in  CVD  Diamonds"  Proceedings  of  the  8th  CIMTEC  - 
World  Ceramic  Congress  and  Forum  on  New  Materials.  Florence,  Italy  June  29-July  4, 94 
An  press/ 

G.P.  Lamaze,  A.  Badzian,  T.  Badzian,  R.G.  Downing,  and  L.  Pilione  "Boron  and  Nitrogen 
Analysis  in  CVD  Diamond  Films  Using  Cold  Neutron  Depth  Profiling  ”  ed.  MYoshikawa  et  all, 
Advances  in  New  Diamond  Science  and  Technology.  Fourth  Intematinal  Conference  on  the  New 
Diamond  Science  and  Technology,  341-344, 1994 

N.  Lee  and  A.  Badzian  "Effect  of  misorientation  angles  on  the  surface  morfologies  of  (001) 
homoepitaxial  diamond  thin  films"  Applied  Physics  Letters,  66, 2203-2205, 1995 


1  Accesion 

For 

.  '  *  ■ 

NTIS  CRA&I 

A 

DTIC  TAB 

□ 

Unannounced 

Justification 

. . 

Distribution  /  1 

Availabi'.iti 

■  Codes 

Avail  a 

:  id  /  or 

Dist 

Special  1 

1  i  l 

A'l 

1 

PRESENTATIONS 
Grant  #N000014-92-J-1421 


A.  Badzian  and  T.  Badzian  "Interfaces  in  Diamond  Nucleation  Processes"  International 
Conference  on  Metallurgical  Coatings  and  Thin  Films,  April  6-10,  1992,  San  Diego,  CA 
(symposium  chairman) 

A. Badzian  "Overview  of  CVD  Diamond  Deposition"  American  Vacuum  Society  New  England 
Chapter,  1992  Annual  Symposium  -  May  18-19,  1992  Burlington  ,Ma.  (invited  talk) 

A.  Badzian  and  T.  Badzian  "Heteroepitaxy  of  Diamond  on  Cubic  Boron  Nitride"  Gordon 
Research  Conference,  Diamond  Synthesis,  June  15-19,  1992,  Plymouth,  NH  (poster 
presentation) 

G.P.  Lamaze,  R.G.  Downing,  L.  Pilione,  A.  Badzian  and  T.  Badzian  "Analysis  of  Boron  in 
CVD  Diamond  Surfaces  Using  Neutron  Depth  Profiling"  6-th  International  Conference  on  Solid 
Films  and  Surfaces,  Paris  France,  June  29  -  July  3,1992 

A.  Badzian  and  T.  Badzian  "Diamond  Homoepitaxy"  Third  International  Conference  on  the  New 
Diamond  Science  and  Technology,  Heidelberg,  Germany  ,  August  31  -  September  4, 1992  /oral 
presentation,  cBN  session  chairman  / 

B. G.  Yacobi,  J.  Lebens,  K.J.  Vahala,  A.R.  Badzian,  and  T.  Badzian  "Preferential 
Incorcorporation  of  Defects  in  Monocrystalline  Diamond  Films"  Third  International  Conference 
on  the  New  Diamond  Science  and  Technology,  Heidelberg,  Germany ,  August  31  -  September  4, 
1992 

G.Sh.  Gildenblat,  S.A.  Grot,  A.R.  Badzian  "Diamond  Electronic  Devices  -  State  of  Art"  Third 
International  Conference  on  the  New  Diamond  Science  and  Technology,  Heidelberg,  Germany , 
August  31  -  September  4, 1992  /invited  talk/ 

A.  Badzian  "Issues  on  Diamond  Syntesis,  Crystal  Structure  and  Properties"  invited  talk  at  Nishi 
Tokyo  University,  Tokyo,  Japan ,  December  1992 

A.  Badzian  "Synthesis  and  Crystal  Structure  of  Boron  -  Carbon  -  Nitrogen  Phases"  invited  talk 
at  National  Institute  in  Research  in  Inorganic  Materials,  Tsukuba,  Japan,  December  1992 


A.  Badzian  and  T.  Badzian  "High  Temperature  Limit  for  CVD  Diamond  Growth"  International 
Conference  on  Metallurgical  Coatings  and  Thin  Films,  San  Diego,  CA,  April  19-23,1993 

A.  Badzian  "Progress  Report  on  Project:  Transistor  on  Heteroepitaxial  Diamond"  Combined 
DARPA  /  SDIO  /  ONR  Diamond  Program  Review,  Arlington,  Virginia,  27-30  April,  1993 

A.  Badzian,  T.Badzian  and  S.-Tong  Lee  "Synthesis  of  Diamond  from  Methane  and  Nitrogen 
Mixture"  183rd  Meeting  of  the  Electrochemical  Society,  Honolulu,  Hawaii,  May  16-21,  1993 

A.  Badzian  and  T.Badzian  "High  Temperature  Epitaxy  of  Diamond"  183rd  Meeting 
of  the  Electrochemical  Society,  Honolulu,  Hawaii,  May  16-21, 1993 

A.  Badzian  and  T.  Badzian  "Nickel  Hydride  Assistance  in  CVD  Diamond  Growth"  183rd  Meeting 


of  the  Electrochemical  Society,  Honolulu,  Hawaii,  May  16-21, 1993 

R.  Roy  and  A.  Badzian  "Nontraditional  Approaches  to  Diamond  Synthesis"  The  3rd  IUMRS 
(International  Union  of  Materials  Research  Societies)  International  Conference  on  Advanced 
Materials,  Sunshine  City,  Ikebukuro,  Tokyo,  Japan,  August  31  -  September  4, 1993  /invited  talk/ 


A.  Badzian  "Issues  on  Epitaxial  Growth  of  Diamond  "  NIRIM  International  Symposium  on 
Advanced  Materials  '94,  Tsukuba,  Japan,  March  13-17, 1994  (invited  talk) 

A.  Badzian  "Diamond  Nucleation  and  Epitaxy"  1994  March  Meeting  of  the  American  Physical 
Society  Jtittsburgh,  Pa,  21-25  March  1994,  /invited  talk,  session  chairman/ 

A.  Badzian  and  T.  Badzian  "Nucleation  of  Diamond  in  Metal-Carbon-Hydrogen  Enviroment" 
International  Conference  on  Metallurgical  Coatings  and  Thin  Films,  April  25-29, 

1994,  San  Diego,  Ca  /  session  chairman  / 

A.  Badzian  "Diamond  Epitaxy"  Second  International  Symposium  on  Diamond  Films 
3-5  May  1994,  Minsk,  Belarus  /  invited;  member  of  Program  Committee  / 

A.  Badzian  ,  T  Badzian  "Defects  of  CVD  Diamonds”,  8th  CIMTEC  Forum  on  New  Materials , 
.Florence,  Italy,  June28-July  4,1994  /  invited,  session  chairman/ 

A.  Badzian  ,  "Diamond  Homoepitaxy",  The  4-th  International  Conference  on  the  New  Diamond 
Science  and  Technology  ICNDST-4,  July  1 8-22, 94,  Kobe  ,  Japan  /  invited;  member  of  Program 
Committee/ 

A.  Badzian  and  R.  Roy,  "Diamond  Films:  State  of  Science  and  Technology"  AFOSR/URI 
Carbon/Carbon  Composites  Conference  and  the  Carbon  Research  Centre  Syposium,  University 
Park,  PA,  September  13-14,  1994 


DEVELOPMENT  OF  THIN  FILM  DIAMOND  BASED  INTEGRATED  CIRCUIT  TECHNOLOGY 


CO 


O  '-w 


“D  CD 

o  I 

•  3 


co  2 

T5 


c 

05 

C 

03 


“O 

05 


CO 


c 

CO 

> 


N  Jo* 


CD  03 
.  CL 


CD 

SZ 


cti 


a 


<u 


•fH 


CO  Ctf 


* 


o  as  % 


* 


*  * 


* 


The  bulk  crystal  grown  during  three  weeks  has  a 
height  of  1.2mm 


ELECTRONIC  QUALITY  CVD 
DIAMOND  FILMS 
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when  density  of  lattice  defects  will  be  decreased 
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DIAMERS  IMAGE,  AREA  15.5  X  15.5  nm  CVD  by  A.  BADZIAN  and  T.  BADZIAN 

STM  by  Y.  KUANG  and  T.T.  TSONG 


Fig.  2.  DICM  images  of  the  surface  morphologies  of 

epitaxial  diamond  films  grown  on  (a)  0.1°,  (b)  3.5°, 
and  (c)  1 1.0°  off  (001)  substrates  at  1200  °C,  90  torr 
and  1  %  CH4  in  H2  for  5  hrs  in  (a)  and  8  hrs  in  (b) 


and  (c). 


RHEED  OF  HOMOEPITAXIAL  (001) 
DIAMOND  FILMS 


[100]  azimuth 


Fig.  3.  RHEED  patterns  of  the  (001)  film  surfaces  grown 
on  (a)  0.1°,  (b)  3.5°,  and  (c)  1 1.0°  off  substrates  at 
the  condition  specified  in  Fig.  2,  taken  from  [100] 
for  the  left  and  [110]  azimuths  for  the  right  patterns 
at  40  kV.  The  insets  of  [1 10]  azimuthal  patterns 
show  magnified  views  of  the  zeroth  Laue  zone. 
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